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‘When 1¢ came to tho actual testing, qroat dittioulty 
Was emountered in obtaining Loads to use in Loading the 

hi “ toat goshiorse Phiea probles was overcome throagh the 
( 


aid of Dr. Mippos of tho Metallurgy Dopartmout, the 
¥ stone finally used consisted of amll cast iron ingots 
 @¥eraging about “on pounds in weight for the primacy 
Bs - tonta. “Winer | Loading, weed as the foflurs loadia were 
 @perocched, was sade up of mali lead peliete which 


i ighed previous to any iahiie, emi otu . 
: a te the nearest tenth of a poumi was revarded 


7 ~~... - 


| deflection gages, with holders, were obtained through 
the efforts of Prof, Throoy 
a4 the forsation of the plastie hinges ooourred 
| RIGID Phat tare 
> Nour the end of the experimonte 
$0 test sone righé frame feesindies in order to vee whether 
@ not the theory sould be borm out with thle tre of 
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@ atructare. An hat been noted in the theae 


| eta war metho of loading to rigid frame, Again the 
" mpperatas deaigned was desicned for this apeckak ywobben 
-—ySaadpengemagpal Lindted in that veapest. It wan 
"yen whieh wound senate aahaihaiinis in wath un Wiebe 
alsa the clamps wore meade te clive ap ricld a commotion 
eer the lege of the fram ef ovuld be hol so that in 
Sdlsian'dp dates cn phentnte Wo: Whe 20st, shee tt eotee 
that the date obtained fro: auth a test could be worth 
"while. 

ne bape ani clasp blogks wore machined te cive ag 
| smoobi @ bearing surface as possible, The base was 
Qrtlled wits heles for balf inch bolts go that 14 ecuné 
Be bolted te the vain testing bench in sush a way as te 
pller the simmloticn ¢ a sidoeload on the leg of the 
fea» qe bage wos constructed oo that 2) could be 
| Plageé flat on too sain test bonoh arose-tembers 
testing af franos wiler the setion of Loads an the Gop 
- @f Grose apan of the fram, (See figure Uy.) 


thao loads were applied by the sam 
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os - ‘bee teote, tor testing of tlw top span, a hole 


as out in the conter of % 
a neor was hung. Oaflection gag 


oO base thirwarh wiieh the Load 
oo woo weed in the teghs 


tn exter to show more closely when the plastica hinges 


- formed anywhere in the frane. In tho cate of the top 

| gon loading only one gage was used, ont that was placed 
| ever the lost applicatar, Im the sidewloading test, two 
_-GagAs wore wet, on on the load o plicater and the obher 


gor ee Becpe of the work contemplated in cata edie 
- Rowever, it ig not big enmouga nat yorsatiile enough to 
test actual scale models of frome and other structures 
“the testing of whten seams to te the nox Log 
. Sm the Gewoloment of thie csoory, for such werk a 
stati tegter whieh would alia, the appliestion sal sovera 
- heada oe differocnt me ccitudes 


eoard Git aug: a machine is in 


s eeriebels iO 
process in the Civil Engineering Department. 
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STR Aiihes Wel wa ein Sn die tice at taibd 
problem, we Linkdted our work to the iewoestigation af the 
 Peemation of plastic hinges in oinple struetures, we 

i | further lindted ae work to gonventwated, atatae Loois. 

2 Som tec 0 om. swe 

be baad ao justice to any greater undertaking 

: on a! S ixod eond lover hear 

aa domme, ‘Algo tested wea e ooxtimious bean of. 

8 dveular orogaegeotion to shay the effoot of eoncontration 

4 ef the mess ncar tho noutral axis of the boom on the ree 

| sisting mamons of the bow, Bude was done te camy 

‘through with tho theory and ghar hay tho moro comm sented 

a worked the sections or witeeaues bogome, the more 


‘wore im and the seoulte ace sham in the aysoaia im 

the basis of the yield strongte thus dotecniued, the 

fahlure Louia feo hoe bows werd calculated, 
Before any teste were rum on the continuous peas, 
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simple span beams were tested to determine experimentally 
the value of the plastic moment @ the material being 
tested. This was done to verify the theoretical calcula- 


tions of the plastic moment of the section being tested. 


the test was considered to be a tore accurate indication 
of the plastic moment of the material, as it took into 


account the amount the cross-section of the material 


night have varied from the exact rectangular, which was 

the section assumed in the theoretical calculations. 

: LOAD POINTS 

. The concentrated loads used were placed at the mid~ 
point of the spans as well as at other noted points along 
the span to see how well the actual loads would conform 

ae the values predicted on the basis of the theoretical 
analysis of the same sections. 
TEST SAMPL®S 

In the case of the continuous beams the span used 

was usually 12". This span was picked for simplification 
of mathematical analysis, ease of loading and also with 
the idea of keeping the L/b ratic reasonably low, to 
avoid incurring lateral buckling during the application 
of the loads, The span was about as short as could be 
used to keep the loads within the scope of the- “apparatus. 
The material used in all tests was mild steel, hot rolled. 
The sections used were all made of 1/8" by 1-1/8" strap. 

The one test on the circular eross-section used hot- 


rolled mild steel 3/8" in diameter. 
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fe | Ho speeial proparation was necossary for the bean 
test samples, they were sawed from a long piece af strap. 

i the beams worengoribed with a mark at the loeation of the 
- gupporta and where tho Londa were to be applied, 

| Te dertsne to the theory being investigated, Little attention 

| hed to be paid te such things as surface mris and 
“geretches, 45 will be shown, this was borne out by the 

“pesulte of these tests, Gare was taker to mie sure that 

| Rho knife-odge supports wore placed at the proper Location 
_ ena wore kept porpemiicular to the sacple at all tives. 
Aso, eare was taken to kecp the Londing mife-edges at 

} the proper location and the walieeatan porpendiealar 

ee the axis of the sample. 

ue gerrre Gages 

| he dofleetion gagea wore set on cach of the load 

‘epylicatara, Gare was taken to keep the plungers vertical 


ead at the center of the loaders Go that no erruc due to 
| pebation or tilting of the leaders woul’ be present in 


deflection readings, After the gages wore set te sore, 
the hangers and load buckets ware hune on the leaders, 
Readings of the g2gee worse taken after each ineroment of 
Load was anplicc. 


iy Helis Issel ime: aithntun sninhlatt; Aeamelehililie Ww telly tide 
of the beam under test. The individund and secwuleative 
leads were uobed and recor@ed as cach additionn. woight 
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wen added, The primary loads were made up of the Lon 

. ingots which averaged about eight pounds cach. Ao the 
‘ _ total Lood wae built up to near the point whore the 

torn of @pplagtie hinge at some section in the bean 


| Though 
; eflections were read and recorded only after Ghros or 
four of the pellets hod eon edded if no unusual doflosbion 
hha token place with the adding of the individual pollets. 
 . go thet an ecocurate curyo mat the dofleetions 


pint in the Loading near the formation cf a 
plastic hinge at some section in the test structure was 
Tenshed, the lon@ing and the observation of the deflection 
Bees were very carefully sacred out, Extrem: care had 
te be taken to make sure thet the Loading buckets 
not allowed to swing bask and forth in pendulum action, 
or to rook Guo te any vibration or other dleturbanee of 
the apparatus, In some test rum it was found that this 


nogessary to be careful in this regard, The loading 
plastic hinge formed. After the foruation of the first 
hinge, the beam was allowed to deflect until it reached 
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* e fully yolieved atete without further load, Then it 
wes Turther loaded until the fornation of the noxt binge. 
| dure was continued until the beam completely 


+ he ond was no Lone ot definite aucatdon, but 

| Load wag taken off or until it hod 
ds termed in this paper "failure load”, and is marked 
the Loading graphs ineludod in the appendix 
 @IRCULAN sueTIoN comrrnucs moat! 


 caprnaliy vomulta, ‘Tho beam was made up of ae round 


; | thouretinel. ho game lead epplicaters wore used with 
g “this etroular section and cure had to be talon to see that 
ss ¢hey ware properly balanced on the beam, Tals did not 
D: tum cut to be as difficult as hod boon antioipated. it 
P nowht that the extremely gall bearing aroa of the 

. eon would allow the beam to roll and thus eause 
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of the loading, ‘This dia nob owour., As soon as any 

‘Aoed wag applied the boam beoare vory stable, amd in» 

greased in ee og the load, and consequently the 

- deflection 1 Initially, tho beam was restrained 

| from rotates Wy prin & wiih wire around the auppart 

kelgeoenigng on cither side af the beam, Thies wes fount 
eet be Very gatisfactory as it did not interfere with 

_ the natural perforvancs of the bean under the Loating, 

bub did prevent it frau rotating. 


: xodeond bean seteup wag sinilated ty first 
using the two clamps of the frame teating appacabus and 
sere of the testing 
distenes apart which would alloy for the teat. 
i ide Whip Aieshesh Sangth o¢ towns The enie ef the bear 
to be tested were clamped into the clamps wory tightly 
sid and fully fined condition of 


el iat, hooause ag the beam deflected, the rigid eommetions 
wouid not allow the onde of the benme fo sag toward cagh 
other, thus introducing an axial tensile stress into the 
@ stress whieh ia whet was 
under Serentsanenen in this problem. 
ttonyt to overcese this problem was made by 
iges at onch end of the beam 
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sping constant distance between the two ends of the bean 
: ” this way the axtal atress was olicinatod gat ine 
FEE > CAMETEA WR Boas 
The rigif end of the propped eantilever wes sot “ap 
the Same Way oo im the adores expexivente with tine finwde 
is : : a beans. At prageribed distanses from the fined end of 
— the isifeeseden support was placed for the sioply 
| a ox ot the boom, The loa@ing was carried out 
AD iis ay t-te. Shes recto ‘oem ‘tepte, In these 
2 | femyerduents and in those with the fizet-ond beams anky 
Ry “@me deflection gage was uscd, and it was placed over the 
end 3 applicater in a semmer sinilar te thet noted in the 
(pe omplanat ion @ the testa on the continucus beans 
1A frenen, | 
i ‘ J Fe (ithe tho bear had bown leaded to falls, the Loads 
“ woro rexoved anf the final attitude of tue test’ bean noted 
‘end recordsé. Hore refercuee will be uade to these tested 
beans in a later section of this paper. Photographs af 
‘ | fone of the tested beans will be seen in the appentix, 
i “paring ell of the tests, the behavior of the beams at they 
| were Loaded ws obsorved. wepcolally co were all manttostae 
| thong during the tine when the phestdo inges wire Peuting, @ 
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ay rr inte wtaon the lead pellete were ait rosorted 
” CMRUMTNING PLAITIC WING! FORNATLON 
Bit | the deteng 0: tested with only owe load at a timo, 
4 ec @ teats were made with topeepan loading ani others 
1 i a aide lowing. The leads ware applied in the sate 
) ome get forth in the dlecussion of the tests on 
p bean sections. ame $este with side Loading 
: ie One was AE RTO aN, | 
| gl = necend was placed in a like position on the unloaded 
; = two gage were uted is hopes of astormining 
y where and whom the plastic hinges forced in the 
tr 3 under the tost loads, It was hoped that the saqucnee 
€ the Foruatton of the plagiio hinges, if there wore to 
r hone goquence, could be cbgerved in this. 


é for ana not monbloued in the previous diecussion — 
how ot the scale at the aootion where the 


n those frame toate, hecause, 425 vewbloned above, we 
"wore dosivous of determining the aequence of the formation 
eee would not dual this information, 
? om Tt night be acted here that in the theoretic«. 
_ salowtationa the point waually determined was tre alti ate 
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: oe that is to ag, the pol 
ogee that are going to form have formed and the 
# sc wucture is rontored in the state of a "rwchanian”, In 
| mat cant tts gas omelet aepni polate in the 


- a sates 5 hile would form and thon ran our fined 
“ teats wbllizing the inforoation thus dotemived. In this 
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r ‘ee het, _— om in cur testwork ; 

| gould enloulate fro static peltadicgtieeh te teks slesble 
“Geary, when these Intermediate uingss vould fort, ‘then 
am wag not necesammy to oun two cums cf cach text aut—up 
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oh q uo mean of the tunsile testa, which incidentally 
Fs; _ were all wory lose, indicated that the miterial used 
ry im our tests with the boars and framos had a yield 
4 a of 38,350 pot. This value of yield strength 

: al value of plastic moment equal to 


apt idee ‘sik thik ‘balide oh Gh thuate Secs Onde, 
E i” which were run to give the experimentel value of the 
Plastic monent of the material being tosted, was 56.42 lba. 
2 Pads lead guve an experirental value of tho plastic 
| Ronont equal to 169.26 inmlb, This compared very 
frably with the thooretieal walue of 196.53 inelb. 
the difference amounted to 0.435 of the theoretical value. 
oe sugeest that this seall orror might very woll be due 
_ te the auall varidstion from the rectangular which the 
| actual eress=gection of the material had, Gm theoretical 
a | Rk wn were baged on an asgwoed rectangular oroseescotion, 
| It was noted in the siuple bean tests that the 
 . Beane behaved in the manner which proved to be usucl far 
| . the rest of cur tosta. we ware able to observe the 
A . formation of the slastie hinge under the lood, ag we had 
ealouletod it would form, Ag ‘the Load wes applied te 
the beam 4% deflected in the normal manner, As the 
: eam deflected it digplayed a defleated strueturs in 
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| the farm of a very snoct 
fest unti2 she instant the plaetie binge forued, At 
this time the curvature oxplotely @laanpeared and the 


h curve, This curve woo monke 


— Seetions on cither aide of the point where the plastic 


- ing formed, asaused porfectly straight Line aititute. 
| htberteion is culled to the accompanying figure which 
Meme the Lead ore defiestion curve, uideh is a 
a a ilallaaiag aalagnadenaptentg entree 
Roam, Hote especially that the curve is « straight | 
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 @ietanee of the plastic hinge. This «my be noted om 


‘Plastic hinge formed in the onterial thore was a sligt 
 metallie “ping” after whieh the defloetion suldenly Lie 

— ereased at @ vory rapid rate, in the one 33 

gpon the beam wept on failing unt4l the load wes relieved 
Thus, the idoa of 6 mechanion was borne oul, though ioter 
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=p g with the more redundant struetures shoned 

ye g mush nore graphieaiiy, As the loads were added up 
om 4 1 failure (as tho graph shows) the deflection under 

e 2: arene a Very definite mount, Unter the 

failure load deflection continued on indefinitely without 

am y additonal load being applied to the momber. 

a Y CONEINUOUS BuAKS 

Tr i ahielcaiha senna tems the results of the 

ma tests perforsed on the twoespan beams, Note snpectally 

© conpartace @rapa {figure 17) which inideates how the 

| Gonducted at different points along the spans an 

» doams agreed with the predicted results of such Loadings. 

e ip tice also the plot of inad versus deflection, (figure 15). 

am is indicates that the deflection of the span of the taro- 

1 beam under the linit load, divided wy a suitable 

_ Safety factor of two, is less than the deflection of the 

y imple span umier the normal elastic load for which it 

iL 7a ule Po epent. Said defleetion of the span of the 

te : n beam 4s 04130", while the deflection of the 

ay @pen beam under similar loading (loed applied at 

tthe midepoint) is shown to be 0.140". This beara out 

; “ae argunent presented in the theoretical discussion, 
LOAD APLIND a Tir: Kapeporne 

oe ‘Figure 15 shows the rosulte of this test oun or, 

- three different samples. The results wore very close in 
alll cases, Unter this contition of loading, the first 

iw "Plastic hinge formed over the canter support. This had 
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ted fron the use et tim reguler bean , formitan. 


| Danse 28 Shsak sethte Rtigh Semsek with 0 Load of TsO Ides 
ae this point a very definite rapid deflection took plese. 
"ho bean became atuble unter this load, and nore Load 
* was added with the beam continuing to exhibit otrongth. 
te plastic Lingos then forved under the loads 


> aml the 
isn, awl, without the addition of 


i furtnor Load, continued deflecting until failure, This 
‘ poem faduure took place ualer a lead of 83.6 Ite, the 


Ctl Por this com* tien of Leading wee 


Pins me. Cre Ahcfaseetn Wek OTS off the jretiobed 
- doad, Ty eee mabed for the formmtion of the ) im 


Ee 


. Aber tho first few teste wore run anl the behevier 
of the beam betane a Little more predistable with practice, 
4% was doeided to try to detersine tae point of loading 
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failure would oceur if tho apenas were lowled at ao distance 
Of O35 x L fvon the simply supperted onda of the contin 
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ous Spants Inotontally, | this theoreties1 calculation 
ve borne out alnost exactly by the graph plotted, showing 
ms theoretical valucs of X vergua the constant K. (figure 6). 
Aa may bo note om thet graph, this point io the lew 
‘ee point on the curve, and within the accuracy of the eurve 
| gan be road to give Osh2ie This loading condition roeetea 
| fin alnost oxnotly the way that had been predicted for 
rt 7 it. te lead at failure was 62.25 Ibe, as commeared with 
" the theorctieal loa of 61,50 lis, This represented a 
| @ifverence fron the theoretically caloulatea value of 
0985. Also of note ig the fact thet all the hinges a4 
form givaltaneously just as hed been predicted, The beam 
sity esate ta behewio: 
- Zoad was put on the beam, At that tine, the plastic 
| feigow forced atmultancously under tho loads ani over thy 
 genter support and the structucs was transfered into 
a mochenicn and continued to deflect until the load was 
Relieved. Algo, as wight be noted from the theoretdioal, 
"graph and ag borne out wy the oxperinental graph, this 
| loading point wee found to be the weakest for the cone 
- ‘timious beam, In other words, the failwe load that wes 
“put on the beam to induss ite failure with loading at the 
“GshISL point was the least load that it took to produce 
failure in the continuous twoespan bean, 
‘LOAD APPLTSO AT THE 0.6 1 Pornr 
Gar theowetieal pred cticas on this condition ta 
Gicated that the boom would fe11 over the midesupport 
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"gives am then unter the 1oada, fhe failure lead predieted 

" fren Galoulation in this case was Se8 Iba. The beam 

© tasted mereeay Fielded over the midesupport first, 

about 75.7 loa, Thon the beam strengthened 

| behaved Glastically again until the plastic hinges 

a , ee a. losds ant teanmsforved 1% into « mechaniom 
| hls fetture Yond ws hee 2ie., cmothy as poctotot tn 
i- tost, and 95.0 lte,, a difforence of 0.226 from the 

— theapeties! tn the other tost that we run under the 


ba wes ‘iidein tots tanh Whe Cettantinn dite werkt 

: @% an wmusuel cote compre” te what 1t tod been doing 
 wpiter the leads up to this point. then at the sons 
| ateanageage “ping” of the netel could be heard. 
| magly, the chipping off of the scale on the 
onstion a8t0 of the beam at that poict could be cbeorwed. 
ogtations of 


LOAN aPPLICD AT THE Os7L POI 
noted om the pnaneeehanes ea this Loading 
Suppers and ‘then the hinges would 
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a ~ ies the loads, The failure load prodieted for 
8 loading condition was 112 Ibs, Under actual Loading, 
9 first plastic hinge farmd over the mideguppart under 
Load of 83.8 lbs, ‘The plastic hinges formed unter the 
| a 8, with resulting failure of the structure, undor a 
‘oad of 110 lbs. ‘this gave a aitference of 1.79% fron 
the theorctioal. | 
to D APPLIED AT THE 0.3L POINT 
aN Fron the curve of theoretical values (figure 6), 4 
Padiuve load of 67.0 lta. was credieted for this condition 
"ef loading, Also, fron the curve,-and the bohavior of 

“the previous beans tested, 1t was anticipated that the 
ph tie hingos in this case would forn unter the Loads 
» with ultimate failuce result ing when the plastic 

ene inj i> diet over the mid-supports The actual loading 

i, Out the ambicipated behavior, The plastic hinges‘ 
formed under the loads first, at a lead of 82,1 ibe. 

0 ete! the rapid deflection at this point in the londing 
a the ‘boom stiffened and did not fail until the plastic 
SITE Giuiah ilies the shhenianert, shite. sexenice enti 
4 oad of ‘87635 lbs. This ropresented a aifferene from 

tho: theoretical of 0.40%. 
oe #@ BAR ~ LOAD APPLIED AT THE 0.4151 Poret 
3 Wi. Fran the theoretical eurve (figure 6), it was pre= 

| @ipted that the plastie hingsa would form over the mide 
_ support and under the loads et the seme time, As it may 
i SUT TIsid “hs Goslldx, pakin to th tam pein on the curve. 
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; Also, fron the theoretical, caleulations, it was predicted 
‘thet the failure load would be 143.81 lbs. It we further 


predicted, on the basis of the theary previously developed 
in this papery that the fact that this beam was of 

- elveular erese-section would in no way detract from the 

- faot that ite behuvior under Lon@ing would be essentially 
the Game a6 that of the beang which ware of rectangular 

- gregseceotion. Under the actuml Loading sack of these 
expectations wag burne out with romwkable exactucas, 


«Phe eetual failure load of the beam was 143425 Ibe., 


resented a difference fran the theoretical of 


“only 06306. The behawlor of the bear under loeding was. 


| Very mush iike that of the rectangular beams, in fact there — 
“was no aif revenos’ vhieh could be chgervod. The plastie 
 Lingss ata aetually develop at the game ingtant, and in 

the game manner as hed been noted tn the previous reetangule 
beam tests. The goals ehipped off on the tempion eide at 


| “the hinge, ami after the hinges formed there was that 


definite deformation which could be checrved is the 
G@eflected beam shown in figure 204 Tho parte of the boan 
between the hinges retnined elastic, as waa borne ont by 

the fact that they were porfectly straignt. 

Am interosting reault whieh might well be inoluded 

hore ig the fact that rolatively, the circular section 

hag even more advantage, an doterained by the plastic theory, 
over the dastic theory for the sence section than dees 

the rectangular section, The circular section dives a 
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re tio of 3G) Alo equal to 1470, wWhilo the sane ratio 
for the reotangular section is 1.50, This indieates that 
a he fact thet the mass of the seotion more eonsentrated 
bo A the useee axis of the member doos increase the 
; ) s of the plostic method, as the oirele is 
“the | e one » oxtrone of that condition, Conversely, as is 
— inte 2 out in the diseussion of theory, the Isbean, 
ch could be used as the other extrem, shows a ratio 
a similar aoxparison af only 1.06 to 1,10. 
PEMADSENMD BEAM TESTS 
« These tests proved to be very unsatisfactory and 
1 fe, tainly becawee of the difficulty of siuilating 
“Whe Pixcdeont condition, with the first seteup it ms 
- found that the actual loads oxcseded greatly the Loads 
iguana had been predicted for such a condition and set-ups 
o sith the second seteup, which more oLosely approxizated 
 @m aetual fixedeend beam in our minds, the resulta were 
. mm better, giving a failure load of 109,85 los., vorsus 
the predicted load of 112.2 lbe., which represented « 
} _ difference fron the theoretical of 1,90, While thig would 
poem te be & satisfsetery result, and to our minda ig enough. 
iy bear oub the theory for this structure, it is felt that 
these particular tests could bo seteup in a mare satis~ 
- factory manner to yield more conclusive revults, 
| eIeID FSAM © LOAD AYPLIED AY 0.51 oF tue 
a Aseording to the theory, hinges woula develop umier 
this condition of Loading at A, B, D& = on the frame 
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| ghown in figure 10. The frwe would not fail antil these 
four hinges formed, and they wuld all ve formed whon the 
Lend reached « value of 8.25 Lbs. Under the Loading, 
| the first hing® formed at Z under a Load of 53,05 Ibs, 
The second hinge farmed at A at a load of 61.0 lbs., 
A hinge formed at D alow t at the sase tims. The 
: intwre Still retained strength after these throes 
| Binges hin@ formed,an supported added Loads up until the 
fourth hingo forved at B under a load of 83.45 ibe, At 
that tine, the structure ws transforscé into @ nechaniam 
and conbiamed to dofarm until tho Load was released 
L rey ed a differene of 0.95% frou the theupetical, 
singe whieh formed at the earner of the frame B, 
“@14 not form ght at the corner in ony af the oxperimonts 
that wore rum umfer this condition of loading. It was 
thought, ami scomed obvious from the appoaranmes of the 
Binge on tho defleeted frams that this mich HOON 
gaused by the fact that the oharscter of the material in 
“the frame was altered right at the corner by the action 
of the heet and bending which was dome to mike the fram, — 
his differonce might be rectified by heat treating the 
frases after they ave bent and formed. ‘The present authors 
were prevented fron following this through by a lack of 
tine in completing the projout.e 
RIGED FRAME « LOAD APPLI“D AT 0,51 oF Torearan 
g to the theory, hinges would develop under 
the load and at both ente of the spam, Algo, the two 
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- tegs would bo subjected to the plastic nonent, ar vory noarly 
ite equal, throughout thoir oatire length, This ts what the 
theory showed, and we were very skeptical of 1%, as it is a 

: rane rian torte tron what the elastic theory show: 

to be the cage for the sane structures 

am | The behavicr of this structure under the Lowhing | 

és qaened out to be vory intorceting. As the first lovds wore 

Wied, the defleated structure appearsd to be vory sindlar to 


= deflected and ware defored to smooth curves, The twe 
Regs each exhibited « point af contreflexure that was noted 
Be move down the log toward the fimedwond as the lead tne 
= Finally the polat of conteaflexure disappeared ant 
(the whole maber was just ane gocth curve. ihen the firat 
hinge formed, it forma umier tho lead, Tals oscurred ander 


8 Load of 65.75 lbs. The paxt two binges forced simabtancously 
ona Shey formwd under «a icad of 109.75 lee. It wag ot thie time 

“that the legs of the structure showed ao point af contveflexure 

in then, amd exhibited the fora of & smooth curge. The frame 
was in & practical failure eontition at this time, 4 ligtle 
more load was addod, wut it was impossible to keep trnck 

OR tke Geflections past thie point with the sot-up that 

wo had, It wag noticed, hawver, that this we vory 

near tho qosplete failure condition thet had boon prodiated 
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for this structure. Thies was imlicatod, chan ancthar 

hinge was formed down oa the log of the frame with a 

| Nery Litble adtition to the Load, fhis acemed to inédigate 
 ondmee thet the ful Length of the ogo were being 

| gubjected to about the plastic manent at tals tie, as 
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| mont of the defleotion gages, acco: 
w tae “pinging" sound and the chipping af the seale 

the tengion side of the socber of tho point where the 

‘Plastie hinge foroed, after being removed fran the 
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- testing mshine, the deforund structure exhibited the 
game haractoristics, whieh wore nebed in the tog’ with 
| the beam seotions. The sections of the material between 


2 rt iesslisttiidees i, the gone whitch was 
duced in the ares of the ‘Ploatic Lingo wes very emell 
tn ovory Gaze, Algo, in every cage the structure behaved 
" Peupletety clasticatiy up unttt the tine the civat plastic 
Rings formed, aml in the case where more than ono hingo 
was formed, combinued to act clagtieally up until the 
final hinges wore formed, with the only departures onde 
Men tho points when the hinges wore formed in the atrustures 
tte bears out the point brought out in the thearctieal 
| @isoussion, Manely, that thers exists in the material an 
ante ore Which enables the overall structure to act 
- @lastieally until thet core is olindnated as the stress 
| adatetbuton approachos the reotan, 
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i ___ fo authors of tats tints, on the basis of the 
. 1 development and experisental results set down 
GL Feed ab Whe Fodontngesentanas my oo drm 
eal wort: done + 
be ‘Sueh phenowens as dosaribed in the theory (the 
abic n of plastic hingsa) does ccouwr in actual practice, 
_ present at the point of formation of the 
| Plastic hinge, toraed the plastie moons in this paper, 
AB a definite charscteristic of ductile unterials, de- 
exdent on the yield strength of the material and the 
pe and size of the sevtion used, 
: Be Simple redundant strueturcs muy be accurately 
‘for failure loads ty means of assuming plaatle 
| § at certain points in the structure. This allows 
ue structure to be broken dam to free bodies which can 
hen be solved by the formulas of staties, 
«Be Such an analysis as outlined above gives a dow 
n based om a definite criterion, namely failure, and 
«(ty using a suitable safety factor, one can design with a 
me “definitely inem margin of safety against Sollure. 
FB es Deflections eaused by the loads deterained vy 
"tthe ahove method, divided by a reasonable safety faotar, 
Me are somparadle to elastic deflections, and in the ease of 
| Redundant beans, are less than the Weflections eaused by 
Loads allowed on simple spans by the elastic theory. 
te At the same tine, this known safe load as dotermined by 
i, this Plnastie theory is enouch larcer than that allowed by 
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ty tie thoory to indicate a definite econmy of design 
 atgh be had by using the plastic theary, 

iam ‘he structure acts elestieally until the formation 
ot Pe nat on» 


mee 0 te formed ts inolastie, The rest of the structure or 
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bope ani objective. wing was fowl in amg of the ine 
ations which were atterm:ted and carried through 
age the idea thet thore fe 
im: im Ghia theary, The follaring 
momiations for future invcetbigations ero mate in 
“4 “hone ‘thot somone will carry on from the 
«Ae Pw BoOPe of hia paper aight be enlarged on byt 
| Maa, owen e8 Iatoane cod w ation 
ae Ging the effeot of muktinle loads. 
G,_ Investigating the effect of uniforr loading. 
ne tm effect ee! @yresxte 
é» Investigating actual scale madelo of recundant 
strustures gush ag Pick froma. 
2s watigate eonerote seotions to sec whother or 
ooh te tmecey Goveloned in this paper cen be a: pifed to 
*hom, especially with regard to tine lag effect of strens 


| pelief which ie believed to be inherent in coneretc 
gtructimus,. 
4 puveebiigoee ether etructures which ore mare 
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